Purpose: A primary goal of aphasia intervention is to improve everyday communication. Although a large body of research focuses on treatment generalization, transfer of learning to real-world interactions involving discourse does not always occur. The goal of an integrated discourse treatment for aphasia (IDTA) approach is to facilitate such generalization. This article reviews generalization data from a series of four closely related IDTA studies. Method: Treatment in all studies (two case reports and two single subject experimental designs) followed a problem-based learning model targeting word retrieval, sentence processing, and discourse production. Results: Seven of eight participants acquired the target vocabulary and sentence structures. In addition, generalization was evident for most participants on related linguistic structures, standardized tests of language and cognition, and/or measures of spoken discourse production. Conclusions: Findings add to previous research supporting an IDTA approach to improving discourse in persons with aphasia. Participant characteristics and properties of outcome measures associated with these results are also discussed.
fer of impairment-based language learning to everyday communicative use. Although a large body of aphasia research is dedicated to understanding treatment generalization (Raymer et al., 2008; Thompson, Shapiro, Kiran, & Sobecks, 2003; Wambaugh, Mauszycki, Cameron, Wright, & Nessler, 2013) , the theoretical foundation for much of this work has focused on horizontal generalization within a single level of language processing. For example, several treatments are based on the premise that training a set of words sharing a semantic relation (e.g., apple, peach, kiwi) or a phonological relation (e.g., garden, garbage, garage) will result in generalization of treatment effects from trained to untrained words (Boyle, 2004; Greenwood, Grassly, Hickin, & Best, 2010; . Similarly, many morphosyntactic sentencelevel treatments are based on the premise that training will Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
Integrated Discourse Treatment

81
activate broad morphosyntactic processes resulting in generalized effects that extend from trained to untrained sentence structures. A further assumption of many of these treatments is that the theoretically motivated horizontal generalization will automatically extend vertically across levels of processing and transfer to everyday function.
Whereas research has shown relatively robust horizontal (word-to-word or sentenceto-sentence) generalization Thompson et al., 2003) , transfer of learning across levels has been less consistent (see discussions in Boyle, 2011; Savage, Donovan, & Hoffman, 2014; Wilkinson & Wielaert, 2012) . These findings have prompted researchers to investigate alternate approaches for promoting change in daily communication (Boyle, 2011; Greenwood et al., 2010; Holland & Hinckley, 2002 ; Life-Participation Approach to Aphasia [LPAA] Project Group, 2008; Webster, Whitworth, & Morris, 2015; Whitworth et al., 2015) .
This article examines an IDTA approach for promoting such generalization. The underlying hypothesis of the work presented here is that generalization of clinical training to realworld use can be facilitated by application of principles borrowed from a problem-based learning model that is often used in higher education.
PROBLEM-BASED LEARNING AND GENERALIZATION TO REAL-WORLD CONTEXTS
Problem-based learning promotes generalization of training to real-world contexts through the application of three basic principles: (1) centering learning tasks on everyday real-world problems/challenges; (2) maximizing personal relevance; and (3) systematically training complex component skills and integration of these skills into whole task performance (Hung, 2013; Schmidt, 1993) . For example, with respect to communication, a real-world problem/challenge might be talking with a spouse about family and friends.
Personal relevance could be enhanced by including names of family and friends in treatment. Training sessions would focus not only on producing these names in isolation (as in a picture-naming task) but also producing them in the context of authentic conversations. For many speech-language pathologists, these will be familiar principles that are routinely used in their clinical practice. In spite of the intuitive common sense appeal of these principles, the majority of treatment research has focused on impairment-based training in which component skills, such as naming, are trained in isolation from authentic communicative contexts.
PROBLEM-BASED LEARNING AND APHASIA REHABILITATION
Both the LPAA and the IDTA approach share principles with problem-based learning. The LPAA shifts the emphasis of intervention from language impairment to functional communication (LPAA Project Group, 2008) . Examples of LPAA interventions include use of alternative and augmentative communication systems (Beukelman, Fager, Ball, & Dietz, 2007) , script training (Holland, Halper, & Cherney, 2010) , group therapy (Elman & Bernstein-Ellis, 1999) , and environmental manipulations such as communication partner training (Boles, 2011; Kagan, 1998) . All of these treatments directly target complex reallife problems (reducing communication barriers and/or social isolation). In addition, personal relevance is maximized by involving the client in selection of treatment goals, procedures, and materials (see discussions in Kimbarow, 2007; LPAA Project Group, 2008; Sorin-Peters, 2003) .
Whereas the LPAA shifts the focus from language impairment to functional communication, an IDTA approach bridges impairment-based and communicationfocused interventions by training linguistic structures in isolation and in functional discourse contexts. Applications of integrated discourse treatments in aphasia have focused on training word retrieval and discourse (Antonucci, 2009; Boyle, 2004; Cameron, 82 TOPICS IN LANGUAGE DISORDERS/JANUARY-MARCH 2016 Wambaugh, Wright, & Nessler, 2006; Falconer & Antonucci, 2012; Greenwood et al., 2010; Peach & Reuter, 2010) ; sentence processing and discourse (Murray, Timberlake, & Eberle, 2007) ; or word retrieval and sentence processing and discourse (Gaddie, Kearns, & Yedor, 1991; Goral & Kempler, 2009; Peach & Wong, 2004; Whitworth et al., 2015) . Notably, in addition to showing gains in the trained structures (words and/or sentences), the 11 studies cited previously have also reported general improvements in discourse production in the majority of participants.
CURRENT RESEARCH
This article adds to this literature by reviewing a series of four related phase II treatment studies (Milman et al., 2014a; Milman & Bruner, 2010; Milman, Clendenen, & VegaMendoza, 2014b; Milman, Vega-Mendoza, & Clendenen, 2014c ) that apply an IDTA approach. In keeping with the problem-based learning approach, treatment in all four studies incorporated the following three characteristics: the therapy focused on solving a realworld problem (e.g., conversing about a particular topic); participants took an active role in treatment planning; and isolated task components (e.g., word retrieval and sentence production) were trained as well as whole task performance (i.e., discourse). Consistent with the definition of phase II treatment studies (Robey, 2004) , the broad purpose of this research was to identify the target population for this treatment, refine treatment procedures, and estimate treatment effect size. As such, the four studies varied along these domains. General and study-specific information about participants, experimental design, treatment, and outcomes is summarized in the sections that follow. An overview of this information is presented in Table 1 . This review focuses on four specific questions related to treatment effect and generalization patterns:
1. Does an IDTA approach result in successful acquisition and maintenance of trained word and sentence structures? 
METHODS
Participants
Seven persons with aphasia (five male, two female) participated in the four studies (see Table 2 ). One individual participated in two of the studies (P2 in Study 1 and P6 in Study 3), resulting in a total of eight replications. All participants were monolingual native English speakers. Participant age ranged from 35 to 68 years (mean = 58.6 years; SD = 10.1) and years of education ranged from 13 to 20 years (mean = 15.5 years; SD = 2.0). All of the participants were premorbidly right handed except for P7 who was ambidextrous. None of the participants had a history of language, learning, psychiatric, or neurological impairment. In addition, all participants passed a monaural pure tone audiometric screening (500; 1,000; and 2,000 Hz at 40 dB SPL). The diagnosis of aphasia was based on neurological history, results of standardized language testing, and independent clinical judgment by a certified speech-language pathologist specializing in adult neurogenic language disorders. Time postonset ranged from 1 to 7 years (mean = 3.25 years; SD = 2.0). All participants signed an informed consent form approved by the institutional review board at Ohio State University or Utah State University.
Participants in the four studies varied with respect to their neuropathology and behavioral profiles. Six of the participants had aphasia secondary to a left hemisphere cerebrovascular accident (CVA), one of these individuals (P4) most likely had an accompanying episode of anoxia at the time of the stroke, and one participant (P8) had aphasia (Milman & Holland, 2012) .
Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
Integrated Discourse Treatment
87
secondary to excision of a left frontal lobe glioblastoma. Based on the Western Aphasia Battery-Revised (WAB-R, Kertesz, 2007) classification system, aphasia subtypes included Broca's aphasia (five participants), Wernicke's aphasia (one participant), and anomic aphasia (one participant). The severity of the aphasia ranged from severe (P1: WAB-R Aphasia Quotient = 26.4; mean length of utterance [MLU] = 0) to mild (P8: WAB-R Aphasia Quotient = 89.2; MLU = 9.1). Mild (P6), moderate (P2 and P8), and severe (P1) apraxia of speech were noted in four of the participants. Two of the participants (P4 and P5) had more general cognitive impairments affecting nonverbal attention, memory, and problem solving. As would be expected from these diverse clinical profiles, participants varied with respect to their spoken language production. For the majority of participants (P1, P2, P3, P6, P7), speech production was characterized by omissions, pauses, fillers, false starts, and occasional semantically or phonologically related paraphasias. Contrasting production patterns were observed, however, in P4 (fluent empty speech with frequent paraphasias including unrelated words, perseverations, and neologisms) and P5 (slow halting speech that was largely unintelligible due to frequent neologisms and paraphasic errors).
Experimental design
As indicated in Table 1 , the four studies included two case studies with replication across behaviors (Studies 2 and 4) and two single subject multiple baseline design studies with replication across behaviors and participants (Studies 1 and 3) . Balanced stimulus sets were developed to assess generalization of treatment effects on the experimental task to untrained stimuli that were semantically related (all four studies) and unrelated (Studies 1, 2, and 3) to trained language structures. Potential vertical (across context) generalization was also evaluated with standardized measures of language (all four studies), functional communication (Studies 1, 3, and 4), general cognition (all four studies), and discourse (all four studies). Regular probes (weekly or biweekly) were administered throughout baseline, treatment, and posttreatment phases. Probe data were collected on trained and untrained stimuli (Studies 1, 2, and 3) or only on untrained stimuli (Study 4). Scoring reliability for probe data was reported in three of the studies and ranged from 90% to 99%.
Standardized testing
The WAB-R (Kertesz, 2007) , the Scales of Cognitive and Communicative Ability for Neurorehabilitation (SCCAN, Milman & Holland, 2012) , and a discourse assessment (descriptive, narrative, and/or conversational samples) were administered in all four studies to evaluate pre-and posttreatment performance (see Table 1 
Treatment
Before initiating treatment, participants were interviewed informally (all four studies) and with standardized questionnaires (Studies 1, 3, and 4) to identify their personal communication goals. This information was combined with impairment data collected from the assessment battery to design patient-centered treatment protocols that were tailored to individual participant goals and impairment/ability profiles. Specifically, participants took an active role in designing the treatment by selecting stimulus materials (all four studies), conversational topics (Study 4), and language goals (Study 4).
Three to four 1-hr treatment sessions were administered per week in all four studies. For the first three studies, duration of treatment was contingent on acquisition of the target language structures and varied from 4 to 20 weeks per treatment block. In the fourth study, a predetermined interval (1 month) was assigned to each treatment block. Each therapy session included a core set of three topic-focused intervention tasks (see Table 1 ). The core therapy tasks included (1) word retrieval based on a semantic-phonologicalorthographic cueing hierarchy (Boyle, 2004; Greenwood et al., 2010; Hashimoto & Frome, 2011) ; (2) sentence production training (see Table 1 for study-specific procedures); and (3) discourse training modeled after Response Elaboration Training (RET; Kearns, 1985; . Each of the three tasks was administered for approximately 15 min.
The three tasks administered in each session (and in each treatment block) focused on a specific semantic topic. Topics included hobbies and favorite foods (Studies 1 and 2), describing people (Study 3), and sports and daughters' interests (Study 4). Language goals were similar in focusing on word retrieval, sentence generation, and discourse. Specific goals varied, however, across participants and studies. Selected goals varied in terms of target word class (nouns, verbs, adjectives, or pronouns), sentence structure (simple canonical or multiple complex), or discourse type (descriptive, narrative, or conversational). All participants also completed approximately 30 min of daily homework to practice the target language structures. Additional therapy activities included script training (Study 1), group therapy (Studies 1 and 3), and conversational practice with family and friends (Study 4). More specific details about treatment procedures can be found in Table 1 and in the publications referenced in this table.
Analyses
Analyses included graphic displays of probe data (all four studies) and computation of treatment effect size (Studies 1, 3, and 4) using statistical procedures/interpretation specified in the study by Beeson and Robey (2006) . Comparison of pre-and posttreatment performance on standardized tests and discourse analyses (all four studies) involved using interpretation data provided in accompanying test manuals.
RESULTS AND DISCUSSION
RQ1: Does an IDTA approach result in successful acquisition and maintenance of trained word and sentence structures?
Performance on vocabulary and sentence structures that were targeted and trained with individual participants is summarized in Table 3 . The majority of participants (seven of eight) acquired the target structures (≥80 on two consecutive probes) and five showed a statistically significant treatment effect. For these participants, treatment effect size varied from small to large. In general, the largest effect size was seen in individuals P1, P2, and P6, who had the most severe aphasia and the lowest WAB-R Aphasia Quotient scores. These participants began treatment at near floor levels, showed little variability in their baseline performance, and made the largest gains on trained tasks during intervention. In contrast, the smallest effect size was seen in individuals P3, P7, and P8, who had more mild aphasia and higher WAB-R aphasia quotient scores. These participants began treatment with higher scores on the experimental tasks, showed greater variability in their baseline performance, and made smaller gains on trained tasks during intervention.
All participants who acquired the target structures maintained a treatment effect, but to varying degrees, after treatment was discontinued. Maintenance was notably more robust in Studies 1, 2, and 3, in which treatment Effect sizes computed using guidelines of Beeson and Robey (2006) for word retrieval, syntactic production, and mixed treatments.
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duration was contingent on criterion performance (i.e., 2-3 consecutive sessions with probe scores >80%) than in Study 4, which used a fixed 1-month interval. However, it should be noted that the duration of treatment varied widely when it was contingent on participant performance (mean = 12 weeks; SD = 5 weeks, range: 4-20 weeks). As might be expected, individuals with lower initial performance on the probe task, who showed the greatest treatment effect, also required more sessions to reach criterion performance. As discussed elsewhere (Milman et al., 2014c; Robey, 1998 ), there appears to be a close relation between the number of treatment sessions and the strength (and longevity) of the treatment effect. Thus, shorter treatment durations are likely to result in reduced maintenance of a treatment effect. One participant (P5) was unable to acquire the target structures. Although this participant was similar to P1, P2, and P6 (all of whom showed a large treatment effect) with respect to his aphasia classification and overall severity, he differed in the nature of his speech production errors. Specifically, the connected speech of P5 was characterized by a high preponderance of neologisms and unintelligible jargon. Although P5 did increase his overall speech output during intervention, this was accompanied by a parallel increase in neologistic errors. Overall, these results suggest that this intervention approach may be successful for individuals with a wide range of aphasia types (fluent and nonfluent) and severity levels (mild to severe). However, this intervention is less likely to be effective for individuals whose connected speech is characterized by frequent neologisms and/or far-from-target responses (see discussion in Milman et al., 2014b) .
RQ2: Does an IDTA approach result in successful generalization and maintenance in untrained word and sentence structures?
Three of the studies examined generalization of treatment effects (defined as >30% above baseline level) to words that were semantically related to trained vocabulary. Only three of the seven participants showed evidence of generalization to untrained vocabulary. These results are consistent with findings reported for similar discourse-based treatments that have also shown successful vertical generalization but limited/absent horizontal generalization to untrained language forms (Boyle, 2011; Rider, Wright, Marshall, & Page, 2008) . It may be that the focus on vertical generalization and particularly on training individuals to insert words and sentences into discourse directly impacts horizontal generalization effects. More specifically, it may be the case that horizontal (within level) and vertical (across level) language associations are in competition and that specific treatments may selectively stimulate one type of generalization over another.
RQ3: Is there evidence of generalization on measures of discourse production? Table 4 summarizes results of the discourse analyses (measured as MLU) across the four studies. Six of the eight participants showed statistically significant (>1 standard error of measurement) improvement on at least one of the discourse measures. Although P8 did not improve his MLU score on the descriptive discourse task, he did decrease the number of dysfluencies/utterance. In contrast, two participants (P4 and P5) did not show any improvement on any of the discourse measures. These individuals differed from other participants in two respects. First, their speech output was characterized by frequent "far from target" paraphasic errors. Second, both individuals presented with more general cognitive impairments affecting nonverbal attention, memory, and reasoning. As evident from Table 4 there also appeared to be some variability in results across discourse measures (at least for the three participants assessed on multiple measures). This is in line with previous research in the aphasia literature showing disparate outcomes across discourse tasks (Fergadiotis, Wright, & West, 2013) . In general, narrative and conversational discourse tasks appeared to be more sensitive to change than descriptive discourse. This may have been due to the larger samples collected from narrative Note. MLU = mean length of utterance; NS = not significant; WAB-R = Western Aphasia Battery-Revised. a Significance for Descriptive and Narrative Discourse tasks = > 1 SEM (computed from "A system for the linguistic analysis of agrammatic language production," Thompson et al., 1995) ; Significance for Conversational Discourse based on treatment effect size (using guidelines of Beeson & Robey [2006] ).
and conversational samples (see Boles & Bombard, 1998) or it may have been due to the fact that these discourse measures were more closely related to the trained experimental tasks. RQ4: Is there evidence of generalization on standardized measures of cognition and communication?
Results of pre-and posttreatment testing on standardized measures are presented in Table 5 . The majority of participants (six of eight) showed statistically significant preposttreatment change (>1 SEM unit) on the WAB-R. In addition, statistically significant increases were seen by three of eight participants on the SCCAN, two of five participants on measures of functional communication, three of four participants on the BNT, one of one participant on the ABA, and one of one participant on measures of verbal working memory. Greatest improvements on the WAB-R were seen on scores for Information Content (four of eight participants), Repetition (five of eight participants), and Naming (five of eight participants). None of the participants showed changes on measures of semantic processing (Pyramids & Palm Trees) or on visual spatial problem solving (RCPM).
These results are largely consistent with predicted outcomes in that changes were evident in isolated components of language production (e.g., word retrieval, information content, motor-speech control) and in broader measures of language functioning (WAB-R and SCCAN). The increase in verbal working memory (seen in one participant (Frattali et al., 1995) ; BNT = Boston Naming Test (Kaplan et al., 2001) ; CETI = Communicative Effectiveness Index (Lomas et al., 1989) ; CVLT = California Verbal Learning Test (Delis et al., 2000) ; Digit Span (from Lezak, 2004 
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93 who was tested in this area) was not anticipated. Nonetheless, this outcome makes sense within the context of the broader literature that establishes a strong connection between language production and verbal working memory (Acheson, Hamidi, Binder, & Postle, 2011; Martin & Reilly, 2012; Martin & Slevc, 2014) .
One disappointing finding was the limited change seen in functional communication measures (statistically significant changes seen in only two of five participants). These results suggest that the integrated treatment approach reviewed here did not fully transfer to everyday use. Interestingly, the two participants who showed statistically significant improvements on functional outcome measures (P3 and P8) also had the highest WAB-R AQ scores (mildest language impairment). It may be the case that participants with milder language impairments were better equipped to achieve the more demanding "far" transfer to functional communication than were participants with more severe language impairments.
P8 also differed from other participants in two important ways that may have contributed to his relatively strong performance on the functional outcome measures. First, the etiology of P8's aphasia (posttumor) differed from other participants (poststroke). Second, P8 participated in the fourth and final study. In this study, we intentionally increased participant involvement in treatment design (P8 selected not only the stimuli but also the communication goal and the discourse topic) with the hope of increasing transfer to everyday communicative tasks.
A final consideration centers on measurement properties of the tests. Whereas all three functional measures use a similar rating system, the scale end points differ for the CETI ("Not at all able" → "as able as before"), ALA ("Big problem → "No problem"), and ASHA FACS ("Does not" → "Does"). Notably, the ASHA FACS rating scale quantifies independence rather than success/ease/frequency of (independently) completing the task. As a result, this measure may be less sensitive to gains in performance for individuals who are already independent but change with respect to the success/ease/frequency of task completion. Since generalization of learning to everyday use is the primary goal of this and many other therapy approaches, understanding, improving, and measuring such generalization remains a central objective for future research in this area.
SUMMARY AND CONCLUSIONS
An Integrated Discourse Treatment approach aims to facilitate transfer of impairment-based language learning to real-world everyday communicative use. This study reviewed data for this approach from a series of four related studies. Most participants (seven of eight) acquired the target structures and maintained treatment effects for a period of time after intervention had ended. While approximately half of the participants (three of seven) showed evidence of horizontal generalization to related linguistic structures, almost all participants demonstrated evidence of vertical learning transfer to at least one standardized cognitivecommunicative measure (all participants) and to measures of discourse production (six of eight participants). Collectively, the data reported above provide preliminary support for this treatment approach.
A broader goal of this phase II treatment research was to identify characteristics of individuals who are most likely to benefit from this intervention, refine treatment procedures, and identify the most sensitive outcome measures. Results of these studies suggest that this intervention is likely to benefit individuals who vary widely in aphasia subtype (fluent/nonfluent), severity (mild to severe), and etiology. This treatment was judged to be ineffective, however, in two individuals (P4 and P5) who presented with more diffuse (nonverbal) cognitive impairments, frequent neologisms, and far-from-target paraphasic errors. These behavioral characteristics, therefore, appear to be negative prognostic indicators for this TOPICS IN LANGUAGE DISORDERS/JANUARY-MARCH 2016 intervention. Treatment parameters associated with greatest gains included (1) high personal relevance (participant-selected stimuli and communication/discourse goals); (2) duration/dosage based on successful acquisition of target word/sentence structures (≥80% on two consecutive probes); and (3) close relation between trained/practiced discourse task and target communication goal. The standardized measures that most consistently identified posttreatment change included the WAB-R, BNT, narrative and/or conversational discourse, the CETI, and ALA.
Finally, based on the data summarized previously and elsewhere, there appears to be considerable variability in the outcomes observed across individuals. Notably, individuals with relatively severe expressive language impairment tended to show a large treatment effect on component tasks (word and sentence production) but limited generalization on discourse production. Conversely, individuals with relatively mild expressive language impairment showed a smaller treatment effect on component tasks but greater generalization on discourse production. An important goal for future research will be to test these preliminary findings with a larger clinical population and greater experimental control of critical treatment variables.
